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(57) Abstract: A growth crucible (2) for depositing on a seed crys- 
tal substrate (5) a silicon carbide single crystal (6) using a sublimate 
gas of a silicon carbide raw material (1 1) is disposed inside of an 
outer crucible (1). During the course of silicon carbide single crys- 
tal, a silicon raw material (22) is continuously fed from outside into 
a space between the growth crucible and the outer crucible for the 
purpose of vaporizing the silicon raw material. An atmosphere gas 
surrounding the growth crucible is constituted of a silicon gas. The 
pressure of the atmosphere silicon gas is controlled to suppress a 
variation in the composition of the sublimate gas within the growth 
crucible to thereby grow a large-sized silicon carbide single crystal 
with few crystal defects on the seed ciystal substrate reliably at a 
high growth rate. 
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DESCRIPTION 

SILICON CARBIDE SINGLE CRYSTAL AND METHOD AND APPARATUS 
FOR PRODUCING THE ' SAME 

5 

Cross Reference to Related Applications: 

This application is .an application filed under 35 
U.S.C. §111 Ca) claiming the benefit pursuant to 35 U.S.C/ 
§119 (e)(1) of the filing date of Provisional Application 
10 Serial No. 60/414, 659 filed October 1, .2002 pursuant .to..' 
35 U.S.C. •§lll(b) . 

Technical Field: 

.The present invention reiates to a .silicon carbide. 

15 (Sic) single crystal and to a /method and apparatus for 
producing the silicon carbide single crystal. Kate- 
particularly, ;,the present invention relates to a method, 
for producing a larg;e-si2ed •> silicon carbide single 
crystal of high quality containing few crystal defects^. 

20 e.g., micropipes. 

Background Art: 

Silicon carbide single ' crystal, . which has become of 
interest as a semiconductor material., is generally 
25 produced through a sublimation process employing silicon, 
carbide powder serving as a raw material. In the 
sublimation process, the silicon carbide powder and a 
seed crystal substrate are placed in the interior of a 



wo 2004/027122 PCT/JP2003/011902 

- 2 ~ 

graphite-made growth crucible such that the powder and 
■ the substrate face each other, and the silicon carbide 
raw material is heated ' to 1,800 to 2,400°C in an inert 
gas atmosphere. • The thus generated silicon ' carbide 
. 5 sublimate . gas reaches the seed crystal substrate, . which " 
is maintained at a temperature suitable for crystal 
growth, whereby a silicon, carbide single .crystal .* is ' 
deposited on the substrate - 

In the . sublimation process; sublimate- gas components, -' 
10" e.g.. Si, Si2C, SiCa and sic, are generated from the 
silicon carbide raw material,* and some of' the gas* 
components are * deposited onto the seed crystal substrate 
to thereby grow a silicon . carbide .single crystal. In the 
sublimation process, the " silicon carbide ■ single crystal 
15 is grown through , si;iblimation and deposition of a;' solid, 
compound. . Therefore, the sublimation process .involves;, 
the problems in .1)" that the growth rate. . of the , single 
crystal is " ..low and 2). that when the growth rate 'is 
increased, generation of crystal . defects and 
20 polycrystallization tend to occur. 

During the • growth process- of the silicon carbide 
single crystal,' the composition of "the sublimate gas 
varies depending on various factors .including sublimation 
and decomposition of the silicon carbide- powder, serving 
25 as a raw material, interaction between the sublimate gas 
components in a vapor phase and reaction of the gas 
components with graphite constituting the inner wall of 
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the growth crucible. When the silicon carbide raw 
material is heated, the silicon component, which has a 
high vapor pressure, is readily gasified, but the carbon 
component tends to remain in the raw material • Therefore, 
5 during the heating process, sublimation of the silicon 
component contained in the silicon carbide raw material. 

. precedes STiblimation of the carbon' component. This 
phenomenon is one of the factors that cause variation in 
the composition of the. sublimate gas. Other .factors 

10 causing, variation in the composition of the sublimate gas 
include the siiblimation temperature of the raw material, 
the composition . of the raw material and time-course 
change in the temperature profile in the growth crucible. - 
Variation in the composition of. the. sublimate gas at 

15 a region in the . vicinity of the surface of the seed 
crystal substrate on which the single crystal is grown is 
considered to* cause generation of. crystal defects in 
silicon carbide crystals and formation pf polytypes or 
growth of anisotropic crystals (i.ew, 

20 polycrystallization).,. which lead to • deterioration of. 
crystallinity . of the single crystal-. * Therefore,, 
production of a silicon carbide single crystal of high 
quality requires ■ control of the aforementioned factors 
that cause variation in the composition of the sublimate. 

25 gas. 

Conventionally, several measures have been taken in 
order to improve crystallinity of a. silicon . carbide 
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single crystal For example, when a silicon carbide 
single crystal is grown, the growth rate . thereof is 
lowered to thereby suppress generation of crystal defects, 
or ' the time for growth continuity of the single crystal 
is shortened so as to reduce variation in the composition 
of a sublimate gas. •However, these measures are not 
satisfactory in terms of the quality and stability of a 
silicon carbide single crystal produced through , the 
sublimation process. ■ * 

0 . , In view of the foregoing;, the following improyement ,' 

in the sublimation process has been proposed in JP-A HEX . 
6-316499, for example. . ; The improvement relates to a 
• method for reducing variation in ■ the composition . of a 
sublimate gas, which methoid comprises disposing a silicon 
5 raw material and a carbon, raw material separately,, 
reacting gas components genjsrated from the silicon . raw 
material with the carboii* raw material to thereby form* 
silicon carbide, and sublimating the thus formed silicon 
carbide to produce a . silicon carbide single crystal.. 
0 However, this method inevitably involves a fundamieintal: 
problem associated with the. sublimation process, i.e., 
variation in the composition of the sublimate gas With 
the progress of sublimation of the silicon carbide. In 
addition, in this method, production of a silicon carbide 
5 single crystal requires a two-step process, leading to 
relatively long productibn time. 
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In addition, JP-B SHO 51-8400 discloses a methpd 
that comprises evaporating silicon under heating in a 
reaction cr.ucible, reacting the resultant silicon . vapor 
with carbon vapor obtained through evaporation of carbon 
5 contained in the inner wall of the crucible, and 
transferring the resultant reaction gas into* a /silicon 
carbide deposition chamber to . thereby deposit a silicon 
carbide single crystal onto the inner wall of the chamber. 
However,., this method entails a drawback ■ in that the" 
10 growth, rate of the silicon carbide single crystal is. low*, 
since the vapor pressure of carbon is lower than" that of 
silicon.' ... 

As described above, there has hot . yet been 
established an effective method for controlling factors' 
15 causing variation in the composition of a sublimate gas 
to thereby grow a silicon carbide single crystal of high, 
crystallinity. 

In view of the foregoing, an object of the present, 
invention, is to provide a method for growing, ..through the 
20 . siablimation process, a large-sized silicon carbide single 
crystal' with few crystal defects oh a seed crystal 
substrate at a high growth rate and .in a reliaibie manner, 
with an atmosphere gas. controlled to reduce variation in 
the composition of a sublimate gas and provide an 
25 apparatus for carrying out the method. 

Another object of the invention is to provide a 
silicon carbide single crystal, with crystal .defects 
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reduced and with quality and stability maintained 
sufficiently high. 

Disclosure of the ' Invention: 
5 The present* invention provides a .method. for. 

producing., a silicon carbide single crystal,' .* which 
comprises providing a graphite-made growth crucible with 
a low-temperature section and a high-temperature section,; 
placing., a seed crystal substrate foriaed of silicon 

"10 carbide . (Sic) ' single crystal in the low-temperature 
section of the. growth crucible, placing a silicon carbide 
raw material in the high- temperature section and* 
depositing a gas sublimated from the silicon carbide raw 
material onto the seed • crystal . substrate to thereby grow 

15 a silicon carbide single crystal, wherein an atmosphere.- 
gas surrounding the growth crucible contains a silicon* 
(Si) gas. , . . 

. In the method for producing a silicon carbide single' 
crystal, the silicon carbide single crystal . is grown,. 

2.0 with vapor pressure of silicon gas in the growth crucible 
(crucible interior silicon ' gas pressure) maintained 
• substantially equal to or higher than equilibrium vapor 
pressure of silicon gas in the 'gas sublimated from the 
silicon' carbide raw material "(sublimate gas interior 

25 silicon gas pressure) . 

The method for producing a' silicqn carbide single 
crystal further comprises using an outer crucible to 
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surround the growth- crucible with a space left 
therebetween, continuously feeding a silicon raw material 
from outside into the space and evaporating the silicon 
raw material in the space to. thereby ■ form a. silicon gas. 
5 serving as . the. atmosphere gas surrounding the growth 
crucible. 

In the method for producing- a silicon carbide single 
crystal, the silicdn raw material' is fed from the outside" 
in solid form, preferably in a form of powder constituted 
10 by particles having a diameter of O.a/.'tp 5 mm, at. .a rate- 
of 0.5 to 20 mg/second. 

In the method for producing a silicon carbide .single', 
crystal, a position within the' space to which' the silicon' 
raw material is . fed has a temperature regulated to at 
15 least 1,900°C. 

In the method for producing a silicon carbide single •■ 
crystal, the atmosphere gas surrounding the growth, 
crucible has a pressure regulated to 1.33 x 10^ to 4.0 x; 
10^ Pa, preferably to 6.65 x 10^ . to . 2 . 0 x- 10'* Pa/ a . girowth 
20 rate of the., silicon carbide single crystal . is 1 mm/hour, 
or more, .and a micropipe density is 10, ,000 micropipes/cm^ 
or less. 

The present invention also provides an apparatus for 
producing a .silicon carbide - single crystal, comprising .a. 
25 graphite-made growth crucible having a low-temperature 
section and a high-temperature section, a seed crystal 
substrate formed of silicon carbide single crystal and 
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placed, in the low-temperature section/ a silicon carbide 
raw material placed in the high-temperature section, 
whereby a gas sublimated from the silicon carbide raw 
material is deposited onto the seed crystal substrate to 
5 thereby grow a silicon carbide single crystal/ and 
further comprising an outer crucible disposed to surround 
the growth crucible, with a space left therebetween and 
means for continuously feeding a silicon raw material 
from outside- into the space. 
1.0 ' In the apparatus for producing a silicon *. carbide 

single crystal, the feeding means is a metered feeding 
apparatus for feeding- a solid silicon raw material at a 
rate of 0.5* to 20 mg/second. 

In the apparatus for producing a silicon carbide 
15 single crystal, the growth crucible has a lid and is 
provided therein with a supporter having a lower surface 
to which the seed' crystal substrate is to be attached, 
with a space left between an upper surface of the 
supporter and the lid of the growth crucible. 
20 As described . above, in the present invention, by 

surrounding by an atmosphere gas of silicon carbide a 
growth crucible . provided therein with a seed crystqtl 
substrate on which a silicon carbide single crystal is 
deposited using a sublimate gas of a silicon carbide raw 
25 material and maintaining the atmosphere gas pressure 
higher than the pressure of the silicon .gas in the 
sublimate' gas within the growth crucible, the silicon gas 
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diffuses within the growth crucible through the growth 
crucible wall, thereby enabling the generation of crystal 
defects to be suppressed to- a. great extent and a large- 
sized single crystal to be grown reliably on the seed 
crystal subs t rate - 

Particularly by . regulating the pressure of the 
atmosphere gas surrounding the growth crucible to 1.33 x 
10^ .to 4.0 X 10^ Pa, a high growth rate of the silicon' 
carbide single crystal tha,t. is 1 mm/hour or more can be 
attained. 

Brief Description of the Drawings: 

Fig.- 1 is a cross -section showing an example .of the 
apparatus for producing a silicon carbide single crystal . 
of the present invention. 

Fig. 2 is a cross section showing another exam[ple of 
the apparatus for producing a silicon* carbide single, 
crystal of the present, invention. - 

0- Best Mode for Carrying Out the Invention": 

Fig. 1... shows an example of the. apparatus- for; 
producing a silicon , carbide single crystal of the present 
invention. An embodiment of the present invention will 
now be described with reference to Fig.' 1. In. Fig. 1, 

5 reference numerals 1 and 2 denote an outer crucible and a 
growth crucible, respectively. The growth crucible 2 is 
provided within the opter crucible 1. The growth 
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crucible 2 has a lid 3 and is provided therein with a 
supporter 4, with a predetermined space left therebetween 
(support means for the supporter 4 omitted from Fig. 1) • 
The lid 3 may serve also as the supporter 4. The growth 
;5 crucible 2 is formed of graphite. The outer crucible 1, 
lid 3 and supporter 4 are preferably " formed of graphite. 
When the graphite is required to have a high purity, the 
graphite . is preferably subjected to purification 
treatment employing a. halogen gas. The lower section of 
10 the. growth crucible. .. 2 • has a capacity such that .a 
sufficient amount of a silicon .carbide raw material .11 
can / be reserved therein during . the course of. crystal 
growth. 

.In the present invention, crystal growth of silicon 
15 carbide is performed by use of .thie silicon carbide single 
crystal production apparatus shown in Fig. 1 and through 
the., following procedure. Firstly, .a . seed crystal 
substrate 5 formed of . silicon carbide * single crystal is. 
attached to the lower surface of the supporter 4 by means 
2.0 of,- for example, mechanical • connection or a bonding agent 
The seed crystal siabstrate 5 may be a seed crystal 
siibstrate formed into a plate from silicon carbide single 
crystal produced through the Acheson method, Lely method, 
sublimation process or method of the present invention. 
25 The surface orientation of the seed crystal substrate is 
. generally a (0001) plane. However, the surface 

orientation of the seed crystal substrate may be deviated 
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from the (0001) plane. A sufficient amount of the 
powdery silicon carbide raw material 11 is placed in the 

• lower section of the growth crucible 2. In order to 
produce a silicon carbide, single crystal of high specific 

' 5. resistance suitable for use • as a semiconductor, 
. preferably, the silicon carbide, raw material 11 has a 
. high purity, of 99.999999% (hereinafter may be .referred .to 
;\ as' ^'8 .nines'') . 

The preferable distance between the seed crystal 
• : y:iO' . .siibstrate* '5 . and the silicon .carbide raw material 11 is iri 
' • the range of 20 to 10.0 mm.* When it is less .than 20mm> it 
is difficult to make a difference in temperature between- 
the two.. When it is more than 100 mm, • the sublimate gas 
.of the silicon carbide .raw material is difficult to reach 
' 15 the seed crystal substrate. 

A high-frequency .induction coil. .7, serving as a 

• .heating, apparatus for • heating the outer crucible. 1 and 
\. growth crucible 2, is prpvided '.'outside the outer crucible. 

1. This heating apparatus- is employed for heating the 
'20 silicon carbide raw material 11 in the growth crucible 2 
. 'to a temperature at which a .sublimate gas ' is generated; 
e..g.> l^gOO'^C or higher.. The heating apparatus may be of 
a resistance heating type. In order to maintain the 
. temperature of the outer crucible 1 at a high, level, the 
25 outer crucible 1 is covered with heat insulators 8 formed 
of, for example, carbon fiber. In order to attain a 
. desired temperature profile in the growth" crucible 2, 
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i-Gi, in order to provide a high-temperature section in 
the portion at which the silicon carbide raw material 11 
is placed and a low-temperature section in the portion at 
which the seed crystal substrate 5 is placed, the seed 
S crystal, substrate is set in .position . at a predetermined 
distance from the silicon carbide raw material. In order 
. to materialize a desired temperature .profile of the 
growth crucible 2, the •ha.gh- frequency induction coil .7. 
employed for heating the crucible 2 may be divided into 
10 upper and lower portions, with the currents applied to 
the respective portions of the high-frequency induction • 
coil being controlled independently. Alternatively, • the 
winding ' pitch of the high-f riequency induction coil 7 may 
be' varied, along the vertical direction, . In order to. 
15 measure : the temperature of . the outer crucible 1, 
temperature • measurement holes 9 are provided in the heat 
insulators .8 covering the . bbtt.pm and top of the outer 
crucible. 1,. The temperature of the surfaLce of. the outer 
crucible 1 can be measured by use of radiation 
20 thermometers 10 via the teiaperatiire measurement holes 9. 
On the basis of the temperature, measurement results, the 
position of the high-frequency induction coil 7 or* the 
current .applied to the coil 7 can be regulated to thereby 
attain' • a desired temperature profile in ' the growth 
25 crucible 2. 

. As describ.ed above, by bringing the temperature 
profile in the growth crucible to a predetermined state. 
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the silicon carbide raw material is heated to deposit the 
sublimate gas generated on the surface of the seed 
crystal, substrate 5 directed downward, .thereby growing a 
silicon carbide single crystal 6 thereon. 

During the course of silicon carbide single crystal 
growth, the " temperature of the high-teimperature section 
in which the silicon carbide raw material 11 is provided 
is regulated to 1, 900^C or higher, preferably. 2, 300°C or 
higher,. and the temperature of the* low-temperature 
section in which' the seed crystal substrate 5 is provided 
is regulated .to 1,500 to 2,500°C, preferably. 2,000 to 
2,400°C. In ord^x to reliably grow a silicon carbide 
single crystal on the .s^ed' crystal substrgtte, generally, 
the temperature of. the silicon carbide, raw material must 
5 be regulated to be higher by at least lOO^'C than that of 
the seed crystal siibstrate. 

During the course of silicon carbide, single crystal 
growth, when, the silicon .carbide raw material in the 
growth crucible .is heated to . 1,900°C. or higher,' 
0 preferably 2, 36o°C or higher, the vapor pressure of' a 
sxabliirtate gas generated from the raw material becomes 
• sufficiently high, and the growth rate of the silicon 
carbide single crystal can be . increased. When the 
temperature of the seed crystal substrate is lower than 
5 ' 1,500°C,. in some cases, polytypes tend to form in the 
grown crystal or growth of the single crystal fails to 
proceed. In contrast, when the temperature of the seed 
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crystal substrate is higher than 2,500°C, generation . of 
various crystal defects and formation of polytypes tend 
to occur. 

A characteristic feature of the present invention 
5 resides in that, during the course of silicon carbide 
single crystal, growth, a silicon (Si) gas serves as an 
atmosphere gas surrounding the growth crucible 2 . When 
the growth crucible' 2 is- provided • within the outer 
crucible 1 and when . a .silicon raw material is 
10 . continuously fed from the outside of the outer crucible 1- 
intb a space provided between the. growth crucible 2 and 
the Quter crucible 1, to thereby continuously evaporate 
the silicon raw material, during the course of silicon 
carbide single crystal growth, the ' resultant silicon gas • 
1.5 serves as the atmosphere gas surr.ounding the growth 
crucible 2 . • 

•In Fig. 1, reference numeral. '21 denotes a raw 
material* container from which a silicon, raw material 22' 
is cpntinuously. fed, nxomeral 23 an extrusion- type feeding 
20 apparatus for feeding a pr^deteinnained amount of the . raw 
material (hereinafter may be referred ■ to simply as a 
^^metered feeding apparatus"), and numeral 24 a vibration 
apparatus. Feeding of the silicon raw material from the 
outside of the outer crucible is carried out through the 
25 following procedure. 

The silicon raw material 22 is placed in the raw 
material container 21. The silicon raw material 22 
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assumes a form such that the below-described metered 
feeding apparatus can be employed. No particular 
limitations are imposed on the . material of the raw 
material container 21, so long as the material can be 

.5 formed into .a predetermined shape and as the silicon raw 
material 22 is. not contaminated with, impurities.- For 
example/ the container 21 may be formed of a metal, isuch 
as stainless steel. As shown in. Fig. 1, the extrusion- 
type metered . feeding apparatuis 23 is mounted in the raw 

10 material container 21. The metered feeding apparatus is 
• provided for feeding a . predetermined : amount of the 
silicon raw material 22 into the;, space provided between 
the - growth' crucible . 2 and the ; outer crucible 1 at a 
predetermined, period of time . 
; 15 In the present invention,- preferably, the amount of 

the silicon raw material 22 fed from the outside of the 
outer crucible, is regulated such.- that the vapor pressure 
of the ..si'licoh ; ' gas surrounding the " growth crucible 
provided . within the outer crucible 1 (crucible- 

.20 • surrounding silicon gas pressure) becomes higher than 
that of the silicon gas contained in the sublimate gas in 
the growth crucible 2. That is, the interior of .■ the 
crucible 1 is continuously filled with an excess amount 
of the* silicon gas. The vapor pressure of the silicon 

25 gas contained in the sublimate gas in the growth crucible 
2, used . herein, is the equilibrium vapor pressure of 
silicon In the carbon- silicon carbide binary system.. For 
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example, when- the temperature of the silicon carbide raw 
material in the growth crucible is 2,100°C, . the 
equilibrium vapor - pressure is about 61. Pa or more. 
Therefore, the silicon raw material is continuously fed 
into the . crucible .1 so as to . maintain crucible- 
■ surrounding silicon gas pressure higher than /the 
equilibrium ' vapor ".pressure . 

Since the growth crucible 2 formed of grapli'ite/ 
".'exhibits no hermeticity against gas at . a high temperature* 
in the neighborhood of 2,00d^C, the silicon gas 
surrounding the* growth crucible permeates .the growth 
crucible wall of graphite and diffuses inside the growth 
crucible. By making the .crucible-; surrounding silicon gas 
pressure excess aii described above,- the crucible interior , 
silicon gas pressure can continuously be maintained in an 
excess state, compared with the sublimate gas interior 
silicon gas -pressure . 

Though ' the pressure of the .. silicon ..g?LS obtained 
through evapbration of the silicon: raw material in the 
0 outer crucibie becoiaes equal to the ' pressure of ' tl>e 
atmosphere gas in a growth chamber 51, isince the silicon 
• gas is gradually discharged through the growth chamber 51 
to the outside of the single crystal growth apparatus, 
the silicon raw material is fed into the . outer crucible 1 
at a rate higher than the rate at which the silicon gaS' 
is discharged. As a result, the space between . the outer 
crucible 1 and the growth crucible 2 can " be" filled with 
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an excess amount . of the silicon gas. In reality, the 
rate at which the silicon gas is discharged to the 
outside of the single crystal growth apparatus varies in 
accordance with, for example, the pressure maintained in 
5 the interior of the growth chamber 51, the diffusion rate, 
of • the silicon gas and the shape of. the crucible. 
Therefore, in accordance with the growth apparatus to be 
• • employed, the feed fate of silicon must be appropriately 
determined on an experimental basis. .The rate at which 
0. the silicon raw material is fed into . the outer crucible' 
•; , is preferably 0.5 to 20. mg/ second. 

,•• .' ■ No particular limitations • are imposed on the 
■structure of the metered feeding apparatus, so long- as . 

the apparatus can feed "the silicon: raw material at the' 
.5. .aforementioned feed rate. The feeding apparatus ma:y be' 
any of a screw feeder, an apparatus for extruding a 
predetermined amount of the' raw material> and a vibration 
..feeding apparatus. As shown in Fig: 1, when the 
"vibration, apparatus 24 for vibrating the raw material 
20 '.container is mounted ..on. the metered feeding apparatus, 
. feeding of the. silicon raw material can be smoothly 
"." carried out. Which is preferable. . Preferably, the 
silicon raw material is fed in the form of .solid, since 
the mechanism of the metered feeding .apparatus can be 
25 simplified.. .Although the silicon raw material may be 
melted and fed in a predetermined amount, several 
measures are retjuired for the method for maintaining the 
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melted . raw material, heating a path through which the' raw. 
. . ■ material is fed or feeding a predetermined amount of the 
raw material . • 

The solid silicon raw material employed in the 
.• '5 present invention preferably assumes the form, of powder 
•■ suitable for metered feeding. For example/ the silicon 

... • •' . raw material m^iy be ground one or spherical polysilicon. 

The. powdery silicon raw material preferably has -an 
• •••• average particle size ' of 0.2 mm or more. When the 
iO average, particle size is less than 0.2 mm,, the powder V 
stirs up during the course of feeding, thereof or tends to ; 
adhere to the in^er wall of a feed conduit 31, possibly 
leading .to unreliable feeding. The upper limit of the 
particle diameter of the silicon raw material is almpst 
1.5 .. determined from the viewpoints of impact of the fed 
silicon raw material onto the growth crucible and 
.evaporation efficiency of the raw material. For example,- 
a powdery raw material haying a diameter of more than 5- 
mm' cannot be employed. Preferably, the solid silicon . raw 
20 material assumes the form of powder . constituted . by 
•' . .particles having a diaiieter of O.Z to 5. mm. Particularly 
when the metered feeding apparatus is of an extrusion 
type, from the viewpoint of facilitation of feeding, the 
raw material preferably assumes a spherical form and has 
25 an average particle size of 1 to 2 mm. 

In order to feed the silicon raw material 22 from 
the raw material container 21 into the outer crucible 1, 
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the container and the crucible are connected via the feed 
conduit 31 formed of graphite. Depending on the 
temperature conditions, .a conduit formed of quartz glass 
' or silicon carbide may be employed. A conduit formed of 

• 5 a metal, such as stainless steel, may be employed at - a 

portion of suf f iciently . low temperature./ The conduit may 
be. formed of a composite material of the aforementioned, 
materials. When there is discharge from the high-^ . 
■ :frequency induction coil,' the conduit is protected from 
lO- the discharge using an insulating material 32 (e.g., 
ceramic or quartz* glass)..." 

• The outer crucible 1. housing the growth crucible 2 
therein,, high-frequency induction coil 1 and conduit 31 
. "are provided in the interior of the growth chamber 5.1 

• i.5 whose atmosphere can be controlled. The gas outlet -of 

■ ■ the. growth chamber 51 is" connected to a gas discharging 
apparatus 52,. and the gas inlet of the /.chamber 51 is 
.connected to a gas feed line 53 for feeding gas that has 
passed through a gas purification apparatus 54 . A mass 

20 flow controller 55 is provided midway . the. gas feed line 
.53. During the course of silicon carbide single crystal 
growth, an inert gas, such as argon (Ar) , serving as an 
atmosphere gas in the growth chamber 51, is fed through 
the gas feed line 53 into the growth chamber 51, and is 

25 /.discharged via the gas discharging apparatus 52.. When 
the mass flow controlle.r' 55 and gas discharging . apparatus 
52* are regulated,* the amount of the gas fed, into the 
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growth chamber 51 and the amount of the gas discharged 
from the growth chamber 51 can be controlled to thereby 
regulate the* pressure in. the' growth chamber 51 to a 
predetermined value. 
5 As shown in Fig* 1, the silicon raw material fed. 

into ' the outer crucible 1 is -evaporated, and the space . 
between.. the outer crucible 1 and the growth crucible 2 is 
filled ' with the resultant silicon, gas. '.No. particular 
limitations are imposed on the position to which, . the . 
■ * 10' silicon raw- material is fed," so long as* the position is 
' ■ in ■ the space between the growth crucible and the puter 
• . crucible,, since, when the temperature of the position .Is. 
1, 900*^C or higher, "the silicon raiw material can .be 
smoothly evaporated. At- 1,900°C or higher at which 
. 15 silicon carbide is grown through the typical sublimation 
process, the equilibrium vapor pressure of silicon is 2.7 
' X lb* Pa or more. Part of the silicoii gas • that is 
excessively generated in* the space between the outer 
crucible 1 and the growth crucible . 2 :Ls discharged 
■-.■20 through the conduit 31 intp the growth chamber. 51. Since 
the* graphite-made growth ' crucible exhibits no herineticity 
against gas at a high temperature of about 2, OOO^C, the 
silicon gas remaining in the outer crucible 1 permeates 
' the graphite wall of the growth crucible 2 and diffuses 
25 in the growth crucible, whereby the pressure ot the 
silicon gas in the growth crucible is maintained or 
increased. . 
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Since the growth chamber. 51 and outer crucible 1 are 
connected via the conduit 31v the ' interior pressure of 
the chamber. 51 becomes equal to that of the crucible 1 
".5 The atmosphere gas surrounding the growth crucible 2 
provided in the outer crucible 1 contains the silicon gas 
..obtained through evaporation of the . silicon raw material 
fed from the outside of the outer crucible. Thus, the 
. silicon gas in th^ outer crucible 1 .permeates the 
••..,.1Q' graphite wall of the growth crucible .2 and diffuses . in 
•the growth crucible. .Therefore, when the .thickness' . of 
the graphite wall of the growth crucible and the 
■ temperature profile in the growth crucible, are constant, 
. the pressure of the silicon gas in the growth crucible 2 
15 can be controlled by means of regulation of the pressure 
in the growth chamber 51. The higher the pressure ..in the 

• growth chamber 51, the higher the. pressure 6f the' silicon 
gas in the growth " crucible. In this case, a 'sufficient 

• amount of the silicon raw material must be continuously 
, 20' fed' into the outer, crucible ! so as to maintain the vapor 

pressure, of silicon in the outer crucible 1 equal, to the 

• pressure in the growth chamber. 

From the viewpoint of enhancement of the quality of 
the silicon carbide single crystal, during the course of 
25 silicon . carbide single crystal growth, preferably, the 
pressure of the silicon gas in the growth crucible 2 is 
maintained higher than the equilibrium vapor pressure of 
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the silicon gas contained in the sublimate gas generated 
.from the silicon carbide raw material 11. Therefore, 
iDreferably, the pressure in the growth chamber 51 is 
. regulated to a moderately high level. However, when the 
5 pressure in .the growth crucible for growing the silicon 
carbide single crystal is. increased, the growth rate of- 
the * silicon carbide single crystal, is lowered due to 
. diffusion of the sublimate gas. Therefore, the pressure 
. of the atmosphere gas surrounding the growth crucible in 
10 the growth chamber 51 must be appropriately determined so 
•as to optimize the growth rate arid crystallinity ' of the 
.silicon carbide single crystal. 

During the course of silicon carbide single crystal 
.growth,, the pressure of . * the atmosphere gas surrounding 
15 " the growth crucible in . the growth chamber 51 can be 
. regulated to a value within a range between high vacuum 
'.and a -slightly high, quasi-ainbient pressure, i.e., 1.33 
to* 1:33 X 10^ Pa. Particularly, in order to . efficiently 
generate • the sublimate gas from the silicon carbide raw 
"20 ma.terial', the pressure • is preferably regulated to 1.33 x 
10.^ to. 4.0 X 10^ Pa. Furthermore, in order, to efficiently 
grow a . single crystal of silicon carbide, the pressure 
during the course of silicon carbide single, crystal 

growth is' preferably regulated to 6.65 *x 10^' to 2.0 x 10^ 
25 *. Pa. • 

According to the present invention, by regulating 
the pressure of the atmosphere gas surrounding " the growth 
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crucible during the course of silicon carbide single 
crystal growth to 1.33 x 10^ to 4.0 x 10^ Pa, it is 
possible to produce a silicon carbide single crystal at a 
growth rate of 1 mm/hour or more and at a micropipe 
density of 10,000 micropipes/cm^ . or less. Furthermore, by 
regulating the pressure to 6.65 :>< 10^ to 2.0 x 10^ Pa, a 
silicon . carbide single crystal growth rate of • 2 mm/ hour 
or. more " can be attained. The silicon carbide single 
crystal growth rate of 1 mm/hour, o.r more, preferably of 2 
mm/hour or more, enables a silicon carbide single crys;tal 
to be efficiently grown. 

In the present invention, during the course * of 
silicon ca.rbide single crystal growth, if desired, the 
silicon carbide single crystal may be doped with, 
impurities. Doping of the silicon carbide single crystal* 
with impurities may be performed by .employing a silicon 
raw material that has been doped with impurities or by 
feeding doping elements in the form of gas. 

Fig. 2. shows another example of the., apparatus for 
producing a silicon carbide . single crystal 'of the. present 
invention. ' Fig. 2 shows a modification" of the .silicon 
carbide single crystal production apparatus shown, in Fig- 
. 1, in which the lid 3 also * serves as the supporter 4 used 
in the apparatus of Fig,' 1, the seed crystal substrate 5 
formed of silicon carbide is attached to . the lid 3, and 
the silicon carbide single .crystal 6 is gradually grown 
on the substrate 5. By causing the lid 3 to serve also 
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as the supporter, the apparatus can be made compact. 

In the present invention, the mechanism by which 
generation of crystal defects is suppressed in the 
silicon carbide single crystal is considered to be as 
5 .follows. In the sublimate gas generated from the silicon 
carbide raw material, conceivably, the equilibrium vapor 
pressure of gas components (e.g.>; silicon carbide (SiC) 

• • and . unreacted Si, SizC, and SiCz) ' reaches a certain level - 
Since the graphite-made growth ..crucible . exhibits no 

10 . hermeticity . against gas at a. high temperature of about 
2,*000®C, when the* vapor pressure outside of the growth 
crucible is lower than that inside of the growth crucible, 
the gas ' components in the growth ■ crucible readily 
pearmeate the graphite wall of the growth crucible. * . In 

15 the typical, sublimation process, the pressure of the • 
sublimate gas outside of the growth crucible is almost 
zero, and. therefore, the sublimate gas. in • the growth 
crucible tends to leak to the outside of-, the crucible/ ' 
whereby the pressure of the sublimate gas becomes lower 

20 than the equilibrium vapor . pressure thereof. 

It has been known that when crystal growth of a 
compound semiconductor is performed, in order to maintain 
constant the stoichiometric composition of elements 
constituting the crystal, maintaining the vapor pressure 

25 of the constituent element of high dissociation pressure 
at ..a high level during the crystal growth is effective - 
When the crystal growth is performed, if ' the vapor 
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pressures of the constituent elements are equal to one 
another, the amount of . the element of high dissociation 
pressure contained in the. grown crystal is lowered, 
leading to generation of vacancies in the crystal and 
.'5 occurrence of minute lattice strain associated with 
generation of * the vacancies . As a result, there is a 
high likelihood that such crystal defects induce 
dislocations, and stacking faults in the' grown crystal. 
In the silicon parbide single, crystal growth, silicon 
10 - .'corresponds . to • the constituent " element of high 
dissociation pressure. 

In the present invention, since the atmosphere gas 
surrounding the growth crucible . contains a silicon gas, 
unlike the case of the typical • siablimation process,. 
15 silicon of high dissociation pressure diffuses from the. 
. Qutside'of. the growth crucible through the crucible wall 
into the' crucible; and thus the vapor pressure, of • the 
silicon gas in the growth crucible t^nds to become e.qua.1 
to or higher than the equilibrium vapor pressure of the 
20 sublimate gas. Therefore, in the present invention,' 
generation of crystal defects, which is associated with 
silicon carbide single crystal growth by means of the" 
conventional • sublimation process, can be considerably 
suppressed. 

25 Examples of the present invention will now be 

described. However, the present invention is not limited 
to these examples. 
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.Example 1 : 

In Example 1, a silicon carbide single crystal was 
grown by use of the silicon carbide single crystal 
"5 production apparatus shown in Fig. 1. • Firstly, a seed 
crystal substrate 40 mm in diameter and 1.0 mm in 
thickness formed from a 6H-SiC single crystal having* a 
(0001) plane was attached, by means of an adhesion 
technique, to the center ' portion of the surface, which 
ID., faces the bottom of a growth . crucible, of a - supporter 
(fo2nned of • graphite, thickness: . 9' mm) provided in the 
growth crucible.. The growth crucible is formed of a 
bottomed graphite-made hollow cylinder 52. mm in inner 
diameter and 116 mm in height. A powdery silicon carbide 
IS' raw material (about ' 172 g) was placed in the growth 
crucible at a height of abo.ut 52. mm from the bottom, of' 
the crucible . The supporter . was provided in the growth* 
crucible such that the lower.; surf ace . of the seed crystal 
substratie .was .located at a positioh 32 mm distant . from 
20 the level of the raw material. The growth crucible .was 
placed in . the center of an outer ■ crucible . The outer 
crucible is formed of a bottomed graphite-made hollow 
cylinder 75 mm in inner diameter and 1.57 mm in height. A 
graphite-made conduit 5 mm in inner diameter for feeding 
25 a silicon raw material is provided in the upper lid of 
the outer crucible. High-purity spherical pblysilicon 
for semiconductors (purity: 8 nines, average particle 
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size: 1.5 mm) was placed as the silicon raw material in 
an amount of 100 g within a raw material container. By 
us.e of a vibration-type metered feeding apparatus, the 
silicon raw material was fed from' the raw material 
■•5 container through the .conduit into ■ the space between the 
outer crucible and the growth crucible. 

The growth crucible and conduit were provided in a 
..growth chamber that can be evacuated. . After " the growth 
chamber was evacuated to 1.33 x 10"^ Pa, argon gas was 
•10 brought into the. chamber until.- the pressure in the 
•.chamber reached atmospheric • pressure to thereby fill the 
chaitiber with an argon atmosphere.. Subsequently,, the 
outer crucible .was heated to about 2, 400°C over about 30 
minutes to thereby, perform heat treatment for removing, 
.15 . .for example, gas. adhering to the crucible. Subsequently, 
the temperatures of the lower and upper portions of the 
outer crucible-, were maintained at' about 2,440®C* arid 
1,900°C, respectively. While argon was brought into the 
growth chamber, the .chamber was evacuated until the 
■ •.20 pressure of 'the. argon atmosphere reached 2.7 x 10^ Pa.' 
Thereafter, • the silicon raw material was continuously fed 
at a feed rate of 0.12 g/minute into a space between the 
growth, crucible and the outer crucible., to perform crystal 
growth for five' hours while evaporating the raw material. 
..25 After completion of crystal growth, the growth 

crucible was .opened. A silicon carbide, single crystal 
was grown .on the seed crystal .substrate, attached to the 
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supporter in the growth crucible. The thus grown silicon . 
cart>ide single crystal was found to have a diameter of 
about 50 mm at its tip portion and a growth length of 7.0 
mm. 

*...5 Subsequently,' the powdery silicon carbide raw 

material in the grow:th crucible was exchanged to a. fresh 
silicon carbide raw material, * and then a silicon carbide 
■ single crystal was grown on the .above grown crystal. ; The 
. .second , crystal growth Was perfoinned for five, hours under 
1.0 the same "conditions (e.g., temperature . and pressure) as 
those for the first crystal growth. 

After compietibn of , the second crystal growth, tl^e 
growth- crucible was opened.; A- silicon carbide single 
crystal, formed" through the second crystal growth: was 
15 found to have /a. diameter of about SO- mm at its tip 
portion and a , growth length of 6.0 mm'. The thus grown* 
single crystal . was cut into pieces along a . growth 
direction, the resultant cross section was subjected to- 
polishing, and the thus polished ".crpss section • was 
20 observed under, a. microscope. As a result, the thus grown 
single crystal was found to have no inclusion. On the 
basis of ■ the ■ .results of Raman . spectroscopy of .the thus 
grown . single crystal (specifically, on the basis of the 
position bf- the peak corresponding to the crystal), it 
■ 25 was found, .that the single crystal was formed of 6H- 
silicon carbide and contained" no other polytype. 
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. The single crystal was cut into pieces along -a 
direction perpendicular to the growth direction, and the 
resultant cross section was observed under a microscope. 
As a result,, the density of micropipes (i.e., defects 
■5 specific to silicon carbide crystal growth) was found to 
be about 10^ micropipes /cm^ in the seed crystal and to be 
. about 10^ micropipes/cm^ in the. grown single crystal at a 
■. • position 5 mm distant, from the seed crystal. That is, 
: ■ . the . micropipe density was reduced by a factor of about 
.10 , 1/100'. . • The • . observation results revealed that the 
■■ micropipe density decreases in accordance with growth, of 
• the single crystal. 

Comparative Example 1: 
15 In Comparative Example 1, a silicon carbide single 

crystal was grown' by use of the apparatus shown in Fig. 1. 
In Comparative Example 1, the same cruqibles and seed 
■' crystal ' subs.trate as those employed in Example 1 were 
employed/, and crystal growth was performed under the sani^ 
20 conditions (e.g., temperature and pressure) as those for 
Example:!. However, after the. temperature of the growth 
crucible was maintained at the growth, temperature, and 
then the growth chamber was evacuated until the pressure 
of. the argon atmosphere reached 2.7 x 10* Pa, the silicon 
25. raw mate.rial . was not fed from the outside of the outer 
crucible into the crucible. Crystal growth was performed 
for five hoursi.' as in the case of Example 1. 
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After completion of crystal growth, the growth 
crucible was opened. Polycrystalline silicon carbide was 
grown over the entire surface of the seed crystal 
substrate attached to the supporter in the growth 
crucible. The thus grown polycrystalline silicon carbide . 
was found to have a diameter • of about 50 mm at its. tip 
portion and a growth length of 6.5 mm. . The thus grown 
crystal was cut into pieces along a growth direction, the * 
resultant cross section was subjected to polishing, arid 
•the thus polished ■ cross section was. observed under a 
microscope. . As a result, it was found that-, 
polycrystallization was initiated from a position ' atop 
the seed crystal substrate. 

Example 2 : 

.In Example 2, a silicon carbide single crystal was 
grown using the apparatus shown in Fig. 1, the same 
crucibles and seed crystal substrate as in Example 1 were 
employed, and the same growth, process as in Example 1 was 
adopted. However, the temperatures of the lower-, and 
upper portions of the outer crucible were maintained at 
about 2,480''C and 1,980''C, respectively, and the argon 
atmosphere in the growth chamber was maintained under a 
pressure of 1.5 x 10^ Pa during the course of crystal 
growth. . The crystal growth was performed for 5 hours 
while introducing the silicon raw material into the outer 
crucible in the same manner as in Example 1 . 
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The thus grown silicon carbide single crystal was 
foxand to have a diameter of about 50 mm at its tip 
portion and a growth length of 10.5 mm. 

• Subsequently, the powdery silicon carbide raw 
material in the growth crucible was exchanged to a fresh 
one, and a silicon carbide single crystal was then grown 
on the above grown crystal. " . The. second crystal growth, 
•was performed for five hours under the same conditions 

(e.g., • temperature and pressure) as inthe first crystal 

growth. 

• After completion of the second crystal growth, tlie 
growth crucible- was opened. A silicon carbide single 
crystal formed through . the- second crystal growth was 
found to . have, a diameter of about 50 mm at its tip ' 
portion and a growth length of 10.2 mm. The thus grown 
single crystal was cut intp pieces along a growth 
direction, the resultant cross section was subjected to 
polishing, and. the thus polished cross section was 
observed under a- microscope. As a result, the thus grown 
single -.crystal was f oiind . to have '; no inclusion. On the 
basis of the results of Raman spectroscopy of the thus 
grown- single crystal (specifically, on the basis of the 
position of the peak corresponding to the crystal), it 
was found that the single crystal grown was formed of 6H- 
silicon carbide and contained no other polytype. 

The single crystal was cut into pieces along a 
direction perpendicular to the growth direction, and the 
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resultant cross section was observed under a microscope. 
As a result, the density of micropipes was found to be 
about 15 micropipes/cm^ in the grown single crystal at a 
' V' position 15 mm distant from the seed crystal. 

•/y''5 * • . ^ . ■ 

Industrial Applicability: 

According to the' production method and production 
apparatus 'for a silicon carbide * single, crystal of the.. 
V' • present invention, crystal defects in the resultant 
10 silicon carbide single crystal can be reduced. For 
example, the density of micropipes in a silicon carbide 
single • crystal grown* .by . me^ns • of the method of the 
' present' invention can be reduced- to 10,000 micropipes/cm^ 
or less. In addition, * according to the present invention, 
15 the crystal growth rate, . which is limited in the. 
/* conventional • sublimation process, can be increased to 
about' 1.0 mm/hour or more 'while the quality of the single 
crystal is . maintained at a high level and can be 
increased through optimization of the conditions . to 2.0. 
. 20. mm/hour or more, whereby production efficiency can. be 
• enhanced . 
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CLAIMS 

1. A method for producing a silicon carbide 
single-crystal/ comprising the steps of: 

...providing a graphite-made growth crucible (2) with a 
low-temp6rature section and a high-temperature section; 

placing a seed crystal substrate (5) formed of 
silicon carbide single- crystal in the low-temperature 
section of the growth- crucible;. 

placing a silicon carbide raw material (11) in the 
high-temperature section; and ■ • 

* depositing ■ a gas sublimated from the silicon carbide 
raw •material onto, the seed crystal substrate to thereby 
grow a silicon carbide single crystal (6) , • 

wherein an atmosphere gas surrounding the growth 
crucible contains a silicon .gas . 

2. The method for producing a silicon carbide, 

single crystal according to claim 1, wherein the silicon 
carbide single crystal is grown, with vapor pressure, of 
silicon gas in the growth crucible maintained 
• substantially equal to or higher than equilibrium vapor 
pressure of silicon gas in the gas sublimated from the 
silicon carbide raw mater.ial. . 

3. The method for producing a silicon carbide 
single crystal according to claim 1 or claim 2, further 
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comprising the steps of": 

using an outer crucible (1) to surround the growth 
crucible (1) , with a space left therebetween; 

continuously feeding a silicon raw .material (22) 
from outside into the spa.ce; and 

evaporating the silicon raw material in the space 
to thereby form a silicon gas serving as the ' atmosphere 
gas surrounding the growth crucible - 

4. . A method for * producing a silicon carbide 
single crystal, comprising the steps of: 

providing a graphite-made growth crucible (2) with a 
low-temperature section and a high- temperature section; 

• placing a" seed crystal siobstrate- (5) formed of 
silicon carbide . single crystal in the low-temperature 
section of the growth crucible; 

placing a silicon ckrbide raw material (ll)- in the 
high-temperature section; . 

depositing a gas sublimated from, the silicon carbide 
raw material onto ' the seed crystal' siabstrate to thereby 
grpw a silicon ca.rbide single crystal (6) , 

using an outer* 'crucible (1) to surround the ■ growth 
crucible (1), with a space left therebetween; 

continuously feeding a silicon raw material (22) 
from outside into the space; and 

evaporating the silicon raw material in the space 
to. thereby form a silicon gas serving as an atmosphere 
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gas .surrounding the growth crucible. 

5. The method for producing . a silicon carbide 

single, crystal according to claim 4, wherein the silicon 
. raw material is in solid form. 

6. The .method for * producing a silicon carbide 
single crystal according to claim 5, wherein the silicon 
.raw material in solid form is in . a form of powder 
constituted by particles having a diameter of 0.2 to 5 mm. 

'7. The method for producing, a silicon carbide 
single crystal according to any one of claims 4 to 6, 
wherein the silicon raw material is fed at a rate of 0.5 
to .20 mg/second. 

"8. . The method for producing a silicon carbide 
./ single crystal according * to any one of claims 4 to 7, 
' wherein, a position within, the space to which the silicon 
. ■ raw material, is * fed has ;' a temperature- reguia-ted . to at 
least 1,900°C. 

9. The method, for producing a silicon carbide 
single crystal according to any one of claims 4 to 8, 
wherein the atmosphere gas surrounding the • growth 
'. crucible has a pressure regulated to 1.33 x 10? to 4.0 x 
10^ Pa. 
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10. The method for producing a silicon carbide 
single crystal according to claim 9, wherein the 
atmosphere gas surrounding the growth crucible has a 
pressure regulated to 6.65 x. 10^ to 2.0 x 10^ Pa 

11. The method for producing a silicon carbide 
single crystal accordling to claim 9 or claim 10; wherein 
a growth rate of the silicon carbide 'single crystal is 1 

/mm/hour or more 

12. A silicon carbide single crystal producet;! by 
.the .method- according to any one of claims 1 to 11, 
wherein the silicon carbide single crystal exhibits a 
micropipe density of 10,000 micropipes/cm^ or less. 

.13. An apparatus for producing 'a silicon carbide 
single crystal, comprising: 

a graphite-made growth crucible (2) haying a low- 
temperature section and a high-temperature section; 

a seed crystal .substrate . (5) . formed of silicon 
carbide single crystal and placed in the low-temperature 
section; 

a silicon carbide raw material (11) placed in the 
high-temperature .section, 

whereby .a . gas sublimated- from the ' silicon carbide, 
raw material is deposited onto the seed crystal substrate 
to thereby grow a silicon carbide single crystal (6); and 
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further comprising: 

an outer crucible (1) disposed to surround the 
growth crucible, with a space ' left therebetween; and 

means for continuously feeding a silicon raw 
material (22) from outside into the space- 

14. . The apparatus for producing a silicon carbide 
single crystal according to claim 13/ wherein the feeding 
; mieans is a metered, feeding apparatus (23) for feeding a 
.solid silicon raw .material at a rate of .0.5* to* 20 
.idg/ second. 

15.. The apparatus for producing. a silicon carbide- 
single .crystal • according to claim. 13 or claim 14, wherein 
the growth crucible has a lid (3) and is provided therein 
with. a supporter (4) having a lower surface to which-the 
seed crystal substrate is to be attached, with a space 
left between, ah upper surface of the supporter and the 
lid of the growth crucible. 



wo 2004/027122 



PCT/JP2003/011902 



1/2 




